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Motivations

Starting point

phD thesis about the use of proof assistants for teaching

As far as we know : no survey ?
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Reports of teaching experiments
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−→ since [Bruijn, de 1968]

−→ since 1975 [Trybulec 1983]
[Pierce 2022;

Delahaye, Jaume,
and Prevosto 2005;
Bertot 2015 · · · ]

[Retel and
Zalewska 2005;

C. K. F. Wiedijk
2007; The Cocorico

Coq wiki 2021;
From, Villadsen,
and Blackburn

2020 . . . ]

[Blanc et al. 2007;
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Macbeth 2023 . . . ]

[Richard and
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Webber et al.

2001 . . . ]
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−→ since [Bruijn, de 1968]

−→ since 1975 [Trybulec 1983]

New ? No !

Software foundations [Pierce 2022]

Many tools, games [Breitner 2016]

Straightforward

Ancient interest of
CS research community

Needs dedicated librairies

Formalization issues

Quite recent interest of
Math Educative community
[Hanna and Yan 2021; Thoma and Iannone 2022]
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Different categories of proof assistants for teaching

Dedicated proof assistants : teaching community (Didactics, ITS)

For logic and undergraduate maths : CPT, CalcCheck, Tutch, XBarnacle/CLAM,

WinKE, ProveEasy, Jape, ProofLab, Omega Tutor, PhoX, TPE (Epgy), EasyProve, Lurch,

Diproche, Edukera

For Geometry: AgentGeom, Baghera, Chypre, Cabri Euclide, Geometrix, Geometry Tutor,

Geometry Explanation Tutor, Angle, Mentonizeh, QED-Tutrix, Turing, Advanced Geometry Tutor,

Geometrix

General purpose proof assistants : CS community
Mizar, Coq, Isabelle/Isar, Lean, HOL-Light, ...

Adaptations of general purpose proof assistants for general use

On top of Coq : CoqIDE, jsCoq, ProofGeneral

On top of Isabelle : XIsabelle, Isabelle/jEdit, ProofGeneral

On top of Lean : Lean Web Editor, ProofWidgets, Paperproof

Adaptations of general purpose proof assistants for teaching

On top of Coq : PCoq, Papuq, CoqWeb, Waterproof, ProofWeb, TryLogic, Geoview,

GeoProof

On top of Lean : Deaduction, Lean Verbose

Other : ETPS on top of TPS
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Input language

(The Automath language) is difficult to write and to
read. It’s true, but - in the sense of programming lan-
guages - we can compare it to machine language, and we
hope that we will manage to build simpler languages, that
can be written and read more easily, and that can be trans-
lated by a computer in our “machine language”.

De Bruijn 1969
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Input language
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Bare proof terms

Core tactic-language

Declarative style

Controlled Natural Languages (CNL)

Point-and-click graphical input

Proof terms in Automath language (De Bruijn 1969).



Introduction Teaching experiments Different categories Input language Feedback Underlying theory Teaching environment Conclusion Bibliography

Input language
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Core tactic-language

Declarative style

Controlled Natural Languages (CNL)

Point-and-click graphical input

Lean Proof term mode.
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Core tactic-language

Declarative style

Controlled Natural Languages (CNL)

Point-and-click graphical input

Coq Procedural tactic language.
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Isabelle/Isar declarative language.

Mizar Matuszewski and Rudnicki 2005

Isabelle/Isar Wenzel 2007
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Diproche

SAD and ForTheL, Naproche
[Lyaletski and Verchinine 2010

Kühlwein et al. 2009]

CNL as tactic languages

PlatΩ / Ωmega
[Wagner, Autexier, and Benzmüller 2007]
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Lean Verbose [Massot 2021]

Waterproof [Portegies et al. 2022
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Feedback
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Basic feedback : proof check, proof navigation, proof state

Proof planning : hints, analysis of granularity

Error diagnosis

Output in NL + Formatting (LaTeX...) + selectable level of detail

Visual feedback : display of proof trees, underlying objects

Proof state

u: N → R
` ` ’: R
h: converges_to u `
h’: converges_to u `’
ε: R
hε: ε > 0

hε2: ε / 2 > 0

` ∀ (a : N), (∀ n ≥ a, |u n - `| ≤ ε / 2) → |` - ` ’| ≤ ε

def converges_to (u:sequence) (` : R) : Prop :=

∀ ε:R, ε >0 → ∃ n0 : N , ∀ n:N, n ≥ n0 → |u n - `| ≤ ε

theorem uniqueness_of_limits (u : N → R) (` `’ : R)
(h : converges_to u `) (h’: converges_to u ` ’) : ` = `’ :=

have h0 : ∀ ε > 0, |` - ` ’| ≤ ε :=

λ (ε:R) (hε : ε >0 ) 7→
have hε2 : ε/2 > 0 := by linarith

Exists.elim (h (ε/2) hε2)
(

sorry

)

calc

` = (`-` ’) + `’ := by ring_nf

_ = 0 + `’ := by rw[eq_of_forall_dist_le (` - ` ’) h0]

_ = `’ := by ring_nf
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Basic feedback : proof check, proof navigation, proof state

Proof planning : hints, analysis of granularity

Error diagnosis

Output in NL + Formatting (LaTeX...) + selectable level of detail

Visual feedback : display of proof trees, underlying objects

Hints, proof planning, proof sketches
[F. Wiedijk 2003; Huang 1999; Edward William Ayers 2021]

Proof planning and adaptation of proof step granularity
[Schiller, Dietrich, and Benzmüller 2008]



Introduction Teaching experiments Different categories Input language Feedback Underlying theory Teaching environment Conclusion Bibliography

Feedback
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Basic feedback : proof check, proof navigation, proof state

Proof planning : hints, analysis of granularity

Error diagnosis

Output in NL + Formatting (LaTeX...) + selectable level of detail

Visual feedback : display of proof trees, underlying objects

Models simulating student misconceptions :
Brown and Burton 1978; Farrell, Anderson, and Reiser 1984; Zinn 2006

Carl : anti-ATP (Diproche) : introduction of false rules
[Carl 2020]

logical fallacies (ex deduce ∃y ,∀x , φ from ∀x ,∃y , φ)
false analogies (ex : assume (a + b)2 = a2 + b2 by false analogy with
(a + b) · 2 = a · 2 + b · 2 )
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Feedback
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Basic feedback : proof check, proof navigation, proof state

Proof planning : hints, analysis of granularity

Error diagnosis

Output in NL + Formatting (LaTeX...) + selectable level of detail

Visual feedback : display of proof trees, underlying objects

Proverb [Huang 1999]

Theorema[Buchberger et al. 2016]

Ganesalingam and Gowers
experience
[Ganesalingam and Gowers 2013]

[Massot 2023]

WTT [Nederpelt 2002]
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[ Karunus and Kovsharov 2024 ]
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Underlying objects
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ProofWidgets
[ Nawrocki, Edward W. Ayers, and Ebner 2023 ]
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Underlying theory

Fundations

Sentential Logic, FOL, HOL, Dependent Type theory... :
consequences on teaching

Naive Type theory in Papuq [Kozubek and Urzyczyn 2008; Chrzaszcz

and Sakowicz 2007]

Covered topics

logics, sets, relations, functions, sequences, analysis, polynomials,
...

Comprehensiveness and adaptation of the libraries

Handling and formalising partial functions and undefined terms

Proof Obligations in TPE/Epgy [Sommer and Nuckols 2004]

Partial setoids in Matita [Coen and Zoli 2007]

10/27 Tran Minh, Narboux, Gonnord PA for teaching : survey
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Teaching environment related features

Type of installation

Standalone, locally installed

Plugin (VsCode), locally installed

Web app, (running on client browser or on server)

Teaching software environment

Exercise Database (Edukera, ProofLab, Deaduction, )

Grading feature ( edukera)

Student progress tracking, Moodle access (edukera, trylogic)

Teacher mode (axiom and rule set customization, hint level
parametrization) ( waterproof, coqweb, edukera)

Data collection (proofBuddy Karsten et al. 2023)

Mixed Document feature (jsCoq, Waterproof)

11/27 Tran Minh, Narboux, Gonnord PA for teaching : survey
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Conclusion

Use of proof assistants for teaching :

Opportunity for the student to receive quick, frequent, individualized feedback

Logic, CS : Widespread Undergraduate maths :
remained in the community of
researchers who developped toolsWhy ?

Still Theoretical issues

lack of suitable libraries adapted to the classroom

formalization : partial functions

What could help to spread ?

Develop shared reference resources (like Software Foundations)

Favor the development of easy to use tools, with no installation

Involve didacticians to evaluate tools in the classroom

Collaborate with teachers

raising awareness of the role of logic in proof
training in the use of proof assistants
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Questions ?

Thank you for your attention.

13/27 Tran Minh, Narboux, Gonnord PA for teaching : survey
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